Aims: Alcohol intoxication is a source of significant illness and injury commonly resulting in emergency department (ED) visits. We characterize recent trends in alcohol-related visits to US EDs using nationally representative data. Methods: We conducted a retrospective review of data on national ED visits among patients aged 18 years or older with alcohol intoxication between 2001 and 2011 using the National Hospital Ambulatory Medical Care Survey (NHAMCS). Demographic and resource utilization trends in alcohol-related visits were examined. We also assessed ED length of stay (LOS) across the study period, as well as the total hours spent on ED care for alcohol-related complaints. Results: Between 2001 -2002 and 2010 -2011 , alcohol-related visits increased from 2,459,748 to 3,856,346 (P = 0.049). Utilization of resources such as laboratory tests, medications and radiography increased, with the use of advanced imaging (i.e. computed tomography and magnetic resonance imaging) increasing 232.2% (P < 0.001) from 2001-2002 to 2010-2011. Overall LOS increased 16.1% (P = 0.028), while LOS among patients admitted to the hospital increased 24.9% (P = 0.076). Total alcohol-related hours spent in EDs nationwide increased from 5.6 million in 2001 to 11.6 million in 2011, an increase of 108.5% (P < 0.001) compared with an increase in overall ED hours of 54.0% (P < 0.001). Conclusion: Alcohol-related ED visits are increasing at a greater rate than overall ED visits and represent a growing burden on hospital resources.
INTRODUCTION
Alcohol-related injury and illness is a major public health problem, resulting in significant illness, injury and death, as well as property damage and lost productivity (Bouchery et al., 2011) . Alcohol use causes many acute illnesses, such as hepatitis and pancreatitis, and chronic illness, including dementia and liver cirrhosis, and increases the risks of traumatic injury. Alcohol use is implicated as the cause of death in~4% of deaths worldwide (Rehm et al., 2009) . Furthermore, binge drinking (five or more drinks on the same occasion) is a significant risk factor for serious traumatic injury and increases the risks of repeated injury by 2.5-fold (Charalambous, 2002) . Significant alcohol use is prevalent in the USA, with 23% of Americans, and 38% of 18-25 year olds reporting binge drinking in the past month. Six percent of Americans overall and 11% of Americans aged 18-25 years reported five or more episodes of binge drinking in the past month (CBHSQ, 2015) . Alcohol use causes an estimated 88,000 annual US deaths; this number is currently the highest in the past 35 years (Stahre et al., 2014; Rudd et al., 2016) . Alcohol use is an important source of morbidity and mortality and, as a result, creates significant burdens on health care systems. Patients with acute alcohol intoxication are commonly admitted to hospitals for traumatic injuries-sometimes severe injuries-or acute complications related to alcohol intoxication or withdrawal, such as electrolyte abnormalities or delirium tremens. Patients are also commonly admitted to the hospital for complications of alcohol-related illnesses, such as gastrointestinal bleeding from cirrhosis and chronic pancreatitis.
Alcohol-related illnesses and injuries consume scarce health care resources. In the USA in 2010, alcohol-related diagnoses resulted in nearly 2.4 million hospitalizations, costing an estimated $24.5 billion (NIAAA, 2013) . Alcohol use is also an important cause of emergency department (ED) visits, with alcohol implicated in up to one-third of drug-related ED visits (NIDA, 2015) . Alcohol-related visits consume ED resources, including beds, staffing, medications and technology, such as computed tomography (CT) scanners. Intoxicated patients can be disruptive to other ill and injured patients, as alcohol intoxication can increase behavioral problems in some patients, and sometimes results in violence against staff. The resources devoted to alcohol-related visits may also contribute to ED crowding, which can have negative effects on patient care in the department as a whole (Pines et al., 2007; Pines and Hollander, 2008; Sun et al., 2013; Mullins and Pines, 2014) . To date, limited research has focused on trends or resource utilization associated with alcohol-related ED visits in the USA.
In this study, we explore the demographics and resource use characteristics of ED visits related to acute alcohol use between 2001 and 2011. We analyzed trends in visits, including demographic changes, medications utilized, tests ordered and procedures performed. We also examine trends in the total number of hours spent at a national level for alcohol-related ED visits Fig. 1 .
MATERIALS AND METHODS

Study design
We analyzed data from the National Hospital Ambulatory Care Survey (NHAMCS) from 2001 to 2011. NHAMCS is an annual survey, conducted by the National Center for Health Statistics (NCHS) at the Centers for Disease Control and Prevention, which uses a multistage probabilistic sample of hospital-based ED visits in the USA to generate estimates of ED utilization at a national level. NHAMCS includes data on patient-level visit characteristics, such as demographics, payment source, reasons for visit, diagnoses, services provided and patient disposition, as well as hospital-level information, including the geographic region, metropolitan status, teaching status and hospital funding source. As NHAMCS is a de-identified, publicly available data source, this study was determined to be exempt from institutional board review at the George Washington University.
Methods and measurements
NHAMCS data from 2001 to 2011 were analyzed. NCHS recommends that raw sample sizes exceed 30 cases per subgroup analysis. To meet this requirement for each subgroup, we combined years into 2-year blocks for most analyses. As such, this study compares the period 2001-2002 with the period 2010-2011. Analyses that did not require subgroups were conducted on a year-by-year basis.
We restricted all analyses to visits by patients aged 18 years or older. Our sample included all patients who received a diagnosis of idiosyncratic alcohol intoxication (ICD-9 code 291.4), acute alcohol intoxication (303.0x), alcohol abuse (305.0x) or ethyl alcohol (980.0). We also included visits for which the reason for visit was coded by NHAMCS as alcohol-related problems (1145.0), adverse effects of alcohol (5915.0), alcoholism (2320.0) or alcohol detoxification (4518.1). Visits related to chronic complications of alcoholism such as cirrhosis were excluded. We did not exclude visits related to injury from our analyses.
To examine trends in acute alcohol-related ED visits, we tabulated data across several patient-level categories, including age, gender, race and payment source. We tabulated the proportion of patients presenting with acute alcohol-related complaints who arrived via emergency medical services (EMS). Because this variable was not introduced in NHAMCS until 2003, we compared 2003-2004 vs. 2010-2011 hospital-level variables, including geographic region, location, ownership (e.g. for-profit, non-profit, non-federal governmental) and teaching status, which we defined as hospitals in which >15% of patients were seen by a resident or intern. To examine ED service utilization trends, we tabulated proportions of visits in which patients received imaging, laboratory tests and medications. To assess trends in medication use for acute alcohol-related visits, we tabulated the proportion of visits receiving the two most commonly prescribed classes of drugs: benzodiazepines and multivitamins/folic acid/thiamine, as well as intravenous (IV) fluid utilization. We investigated whether the patient had a previous ED visit or hospitalization within the past 72 hours or within the preceding 12 months. To investigate trends in patient dispositions, we also calculated national admission rates for alcohol-related ED visits. Hospital admission was defined as all patients who were admitted to the general medical floor, intensive care unit, observation unit or otherwise not discharged or transferred. We examined the mean length of stay (LOS) for patients presenting with acute alcohol-related complaints. Additionally, we calculated the mean LOS for the subgroups of patients admitted vs. those discharged. To assess the total annual hours spent on alcoholrelated visits to US EDs, we summed the total survey-weighted LOSs for all patients in each study year. Trends were analyzed using survey-weighted logistic regression, while changes in proportions across the study period were analyzed using survey-weighted chisquare tests. Differences in survey-weighted means (e.g. mean LOS) were tested using linear combinations of estimators.
All analyses were conducted and reported only where cell sizes met or exceeded NCHS guidelines. P-values of <0.05 were considered significant. Analyses were performed using Stata, version 14 (College Station, TX).
RESULTS
For the years 2001 through 2011, NHAMCS included a total of 388,765 visits, with a survey-weighted estimated total of 1,319,054,068 visits nationwide over the study period. Of these, 5,967 were acute alcohol-related visits, representing 17,395,766 national-level visits. The proportion of total acute alcohol-related ED visits increased from 1.5% (95% confidence interval (CI): 1.3-1.7) in 2001-2002 to 1.9% (95% CI: 1.7-2.1) in 2010-2011.
Proportions of acute alcohol-related visits by different age groups did not change significantly over the study period, with the majority of visits in the 35-64 year age range (66.5% in 2001-2002 vs. 64.8% in 2010-2011) . Similarly, there was no significant increase in the proportion of either male or female visits. However, there was a greater increase in visits among white patients as compared to non-white patients (73.3% in 2001-2002 vs. 77.3% in 2010-2011 compared with 26.7% in 2001-2002 vs. 22.8% in 2010-2011 ; P < 0.001). There was also significant growth in visits by patients for whom Medicaid was the primary source of payment (16.0% vs. 27.5%; P = 0.033). The proportion of acute alcohol-related ED visits where the patient arrived via EMS increased from 47.5% in 2003-2004 to 55.6% in 2010-2011 (P = 0.006). There were no significant changes in proportions of visits regionally, by metropolitan statistical area, hospital type or teaching status (Table 1) .
There was large and significant growth across the study period in the use of advanced diagnostic imaging (CT or magnetic resonance imaging) (11.5% vs. 38.2%; P < 0.001), while the use of X-ray imaging did not increase. The use of blood laboratories, electrocardiograms (EKG), IV fluids and urinalysis also increased. The average number of medications patients received increased 24.1% (1.4 vs. 1.8, P = 0.016). However, benzodiazepine use did not increase, while the administration of thiamine, folic acid and/or multivitamins decreased from 14.3% to 9.7% (P = 0.016). In 2010-2011, 6.4% of visits were returns to the hospital within 72 hours and 20.3% had >2 visits in the previous 12 months. There was no change in hospital admission rates over the study period (Table 2) .
Overall LOS for alcohol-related visits increased from 2001 to 2011, from 298 minutes in 2001-2002 to 346 minutes in 2010-2011 (P = 0.028). In addition, the total hours spent on acute alcohol-related visits more than doubled from 5,552,946 in 2001 to 11,578,526 in 2011, an increase of 108.5% (P < 0.001). As a proportion of total ED hours, acute alcohol-related visit time increased from 2.2% to 3.0%, a relative increase of 35.4% (P < 0.001). When stratified by disposition, the significant increases were noted in both admitted and discharged patients, with larger relative increases in discharged patients (113.7% increase in total hours; 38.8% increase in proportion).
DISCUSSION
We found that the total number of care hours provided for alcoholrelated visits in US EDs more than doubled between 2001 and 2011. This reflects the combination of a >50% increase in the number of visits along with an increased length of visit by~50 minutes per visit. This dramatic increase in the time caring for alcohol-related visits should be recognized as an area of concern for emergency care providers, public health officials and policymakers in an already strained, overcrowded emergency care system (Pines et al., 2016) We also found an increase in the intensity of care provided to patients with alcohol-related complaints. Advanced diagnostic imaging use for alcohol-related visits grew >200% during over the study period, along with large increases in the laboratory use and IV fluids. Increases in intensity of care over the 2000s in the ED have been well-documented in several studies (Pines, 2009; Pitts et al., 2012; Kocher et al., 2012) . Specifically, increases in the use of CT in the ED have been documented in recent years in multiple populations across multiple countries; however, increases have been most prominent in the USA (Kocher et al., 2011; Berdahl et al., 2013; Hussein et al., 2015) . Simultaneously, diagnostic yield-or the proportion with positive test results-has fallen, reflecting more liberal test ordering without an increase in pathology detected (Hussein et al., 2015) .
One of the most common uses of ED advanced imaging is CT of the head, which is also commonly used in patients with alcohol intoxication when there is a concern for serious head injury (e.g. intracranial hemorrhage) or when there are concerns for other serious causes of altered sensorium (e.g. stroke, ruptured aneurysm). Two validated decision rules have been developed using clinical criteria to discriminate low-risk ED patients where CT can be safely deferred: the New Orleans Criteria (NOC) and the Canadian CT Head Rule (CCHR) (Haydel et al., 2000; Stiell et al., 2001) . The NOC uses the presence of any of several clinical signs and symptoms of serious head injury as indications for head CT, while the CCHR also includes mechanism of injury in its calculation along with several clinical signs. These rules, however, have limited utility in the intoxicated patient with head trauma. The CCHR applies only to patients with a Glasgow Coma Scale (GCS) score of 13-15. A normal GCS is 15, and GCS 13-15 may not be present in acutely intoxicated patients, even those without significant injury. The NOC includes alcohol intoxication as a primary indication for head imaging. Therefore, the introduction of these rules likely has done little to slow the acceleration of CT use in intoxicated patients. In addition, other factors such as changes in standards of care in EDs, the increased availability of technology and heightened worries of malpractice liability may also contribute to higher use of CT (Wong et al., 2011) . Many of these trends apply to all ED patients, not just those with alcohol intoxication, which is confirmed by general increases in CT use across many populations of ED patients. The American College of Emergency Physicians (ACEP) in 2008 introduced a clinical policy aimed at guiding decisions regarding neuroimaging in all patients with suspected mild traumatic brain injury (Jagoda et al., 2008) . Future research in the coming years could investigate potential effects of this policy on trends in CT imaging of intoxicated patients. The use of other ED services also increased over the study period. Specifically, the use of IV fluids increased in patients with alcohol intoxication by 41% from 2001 to 2011. Yet, recent evidence published after the study period suggests that routine use of IV fluids does not decrease LOS in acutely intoxicated patients. (Perez et al., 2013) This hypothesis is also supported by our findings. In addition, the average number of medications administered increased over the study period, suggesting alcohol-related visits likely require increasing nursing resources to administer the medications. Finally, a considerable number of patients arrived via ambulance, which can put additional strains on out-of-hospital EMS systems. While higher intensity of care contributes to longer lengths of stay, another factor specific to alcohol-related visits that contributes to long ED visits is the common practice of allowing patients to metabolize alcohol and demonstrate sobriety prior to discharge, or evaluation by a psychiatrist in the case of concomitant psychiatric complaints. This process can prolong visits considerably.
Despite increases in the average number of medications patients received, there was a significant fall in the use of thiamine and folic acid, the use of which was long considered important for the prevention of encephalopathy. However, several studies have found low rates of thiamine and folate deficiencies among ED patients with acute alcohol intoxication. Therefore, routine administration of these medications in this population is not costeffective (Li et al., 2008) . Further research is needed to determine whether routine administration of thiamine and/or folic acid is indicated for specific subsets of these patients who may benefit from the treatment.
We found that despite higher numbers of visits, there were minimal changes in the demographics of patients presenting with alcohol-related complaints. The largest population of patients was those aged 35-64, who made up nearly two-thirds of visits, despite accounting for only half of the patient population. This finding likely reflects greater access and the use of alcohol in this population. It is consistent with higher rates of abuse within this age group (CBHSQ, 2015) . Of note, there was also a considerable increase in the proportion of Medicaid patients in our study, which may be explained by changes in Medicaid eligibility over the study period. In addition, increases in alcohol-related visits in Medicaid patients support previous findings that alcohol-related disorders are among the most common reasons for visit among frequent ED users in the Medicaid population (Capp et al., 2013) . The passage of the Patient Protection and Affordable Care Act (ACA) in 2010 occurred near the end of our study period. Therefore, its effects on the patient population in this study should be investigated in future research.
To our knowledge, this study is the first to calculate the total burden alcohol-related visits place on the emergency care system in the USA. Given the number of hours these patients spend in the ED, these visits represent an opportunity for intervention on the part of emergency providers. Several studies have investigated the efficacy of screening, brief intervention, and referral to treatment (SBIRT) in non-specialist health care settings to reduce problem drinking, and results have been promising (Vasilaki et al., 2006; Babor et al., 2007; Wilson et al., 2011) . However, the majority of studies demonstrating the efficacy of this method have been in primary care settings, while studies in the ED have shown mixed results (Longabaugh et al., 2001; Daeppen et al., 2007; Havard et al., 2008) . This may be complicated by the fact patients are often acutely intoxicated or injured in the ED or due to a lack of resources to provide these services. Further efforts to improve the efficiency of SBIRT and optimal approach for implementation in the ED are likely to result in a cost-effective intervention, as some trials have already demonstrated in trauma centers, city governments and Medicaid populations (Gentilello et al., 2005; Dunford et al., 2006; Estee et al., 2010) .
In addition to SBIRT, other interventions such as follow-up phone calls may help reinforce ED counseling and promote follow-up for treatment (Donovan et al., 2015) . Given a significant number of patients had recent ED visits, the implementation of hospital, community and EMS-based services may help to decrease the use of emergency services by frequent users (Dunford et al., 2006; Tadros et al., 2012) . To date, there are no published guidelines on the care of ED patients with acute alcohol intoxication and which specific interventions should be used in broad populations. However, as alcohol-related ED visits continue to rise and there is a greater focus on value-based care, specialty organizations may consider focusing resources on identifying and disseminating promising strategies to improve follow-up and connection to definitive care.
Using national data, we demonstrate an increased need for effective interventions to reduce alcohol-related ED visits. Economic and health policy factors may have exacerbated this need over the study period, as national spending on substance abuse care decreased as a proportion of overall health expenditures (Mark et al., 2011) . In particular, state and local behavioral health spending decreased between 2004 and 2007, which may have had a significant effect on access to substance use treatment (Levit et al., 2013) . Implementation of the ACA is a promising development for the further integration of substance use treatment into publicly financed medical care and may reduce the burden of alcohol-related visits on US EDs. (Buck, 2011) .
Limitations
This study has several limitations. NHAMCS is a national-level survey that includes data on roughly 30,000 patient visits per year, and while alcohol-related visits are not rare, the sample size in some subgroup analyses was small, resulting in less precise estimates. However, care was taken to ensure all cell sizes met NCHS recommendations of minimum sample size. While we intended to use an inclusive definition of alcohol-related visits, it is possible that our methodology may have underestimated alcohol-related visits where alcohol was not mentioned in the diagnosis or the reason for visit. Additionally, while we found an increase in resource utilization in alcohol-related visits, NHAMCS does not include information regarding the costs of services associated with ED visits. Thus, we were unable to directly assess the causes or direct costs associated with these increases. Further investigation into the costs associated with alcohol-related ED visits on a national scale is recommended. Finally, NHAMCS data are publically available through 2011, and there may be additional trends and changes noted in more recent data.
